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^\ P A"'\ AN AMPLIFICATION PROCESS OF THE FORMATION OF LIGAND- 


h\ RECEPTOR COMPLEXES AND ITS USES 


/ The present invention rebates to an amp. 


■ pr c :es s or tne fc 


elements :f a ligand-receptor pair, tc a process an: 
revise for detesting the presence, in a sample 
5 (hereinafter "analytical sample" ) , of a substance 
s :r resoon i ing t: tne :f tne two elements of a iigano- 
receptco pair, implementing this amplification process, 
to the applicati-ms of tnis detection process, ana to a 
prices- f:r detecting the presence, in an elect romagnet i c 

10 signal, of the electromagnetic signal characteristic of 
the biological activity of a substance c : r responding to 
one of the two elements of a 1 igan a- receptor pair, also 
imp lement mg said ampl i f ica t ion process. 

Tc detect the presence of a sue stance on an 

15 analytical sample, very many methods nave been suggested 
based on the capacity of this substance to bind itself 
specifically to one suhstance and to react with it. 

In particular, the affinity properties presented by 
antibodies in respect of antigens are at the basis of a 

20 great number cf immune 1c gical detection methods whicn in 
ommon use the formation of antigen-antibody complexes - 
the substance sought being able to be either the antigen, 
or the antibody - and detect, indeed quantify, tne 
complexes so formed. 

25 As examples of immunologica 1 detection metneos which 

qrp y ^ >- y f >~ ^ j m q n t l y used, ma v C6 hi e n t o o n e c 
immun op re opi t. at ion , agglutination reactions, egui 1 oroo. 
dialysis, r 1 u j r e s c e n o e suppression, r ^ u o r e s c e n o e 


r a a i c immu r. c a s s a y 


indisputably they have good qualities, are not no; 

In the first place, their sensitivity oonic 
defined bv the minimum c inoentrat ion of substance s: 


insufficient. Thus, 3EFZCF3KY ana 3ERK0WFR [Antigen- 
10 Antibody Interaction, In: WE Paul, Fundamental 
Immunology, RAVEN press, New York, 1394, 595; nave shown 
that, as far as trie detection cf antibcoies for example 
is concerned, with the exception of bacteriophage 
neutralisation tests with which it is possible to detect 
is tne presence of a single mciecuie of antibody but the use 
of which is extremely limited, very few methods have a 
sensitivity lower than 10 rig of antibody per ml if 
sampl e . 

It is therefore desirable to develop new techniques 
20 which allow tne detection threshold of a sought substance 
to be lowered. 

Furthermore, all the immunological detection methods 
hitherto proposed include a stage which consists 
incubating a pre-set volume - which is generally at one 
25 minimum of 5 0 0 (li 1 - of the sample for analysis with a 
specific reagent and to do this, for each substance 
sought. For this reason, tney nave the drawback of 
requiring, as seen as the analysis of a sample involves 
several substances - as is often the case in medical 
30 analyses for diagnostic purpO'Ses - a sample cf relatively 
ior^e volume, which is not always easily tolerated by 
patients, particularly in tne case of : samples. 


: i 



specimen of it, is not. without imposing a certain numcer 
5 of constr aints . Indeed: 

- on the one hand, samples which have been subjected 
t«: analysis frequently have tc be preserved so that tne 

monitored or for additional analyses to be made. So, for 
10 example, blood transfusion oentres, forensic meoiome 
services ano tissue sampling oentres preserve specimens 
of all the tic logical samples that they are called on to 
take. This preservation, which is made by freezing said 
specimens, apart from being not insignificant in cost, 
15 requires aziaptea equipment ano premises. 

- on the other rami, samples can rarely ce analysed 
at the place where they have been taken and it is often 
necessary to take then, to the laboratory responsible for 
analysing them. In fact, transporting biological samples, 

20 apart from this never being very easy to implement giver, 
the short preservation period of biological substances in 
the absence of freezing, poses a zertain number of 
difficulties when these samples are potentially 
■contaminant. M:reover, the length of time taken to 

25 transport them differs by as much tne obtaining of 
results frc'in the analysis. 

The problem arises, as a consequence, or supplying a 
method which makes it possible tc detect tne presence of 
a substance in a sample wion, at tne same tome, very mgr. 

30 sensitivity and high specificity, while offering tne 
cos sib ill to 7 O'f carrying out as many analyses as necessary 
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transmissi :n of a biological activity in the f orni of an 
ele ct r oma gnet :c signal, the Inventors nave n:tea tnat tne 
effect cf applying, t: cne anchor the ether of tne 
elements of a ligar.o-re cept :r pair such as an antigen- 
ic) antibody pair, the electromagnetic signal characteristic 
of the biological activity of one and/or the other of 
these elements is, quite surprisingly, to amplify tne 
formation of complexes between the two elements of this 
pair when these latter are set to react together, ana 
15 this, very specifically, and have had the idea of 
capital is i n-g on this effect in order to detect in the one 
hand, the presence of a substance in an analytical sample 
and, on the ether hand, the presence of tne 

20 activity of a substance in an electromagnetic radiation. 

An object, therefore, :f tne present invention, is a 
iorc cess amplifying the formation between the twi elements 
■if a 1 igand-receptor pair by reaction of these two 
elements, which process is characterised in tnat it 

25 includes: 

1 igand- recepc c r pair in conditions suitaole to al^ow 
their reaction, and 

- previously, simultaneously cr subsequently to this 
30 bringing into contact, the application to one and/or the 
other of these elements of the electromagnetic signal 
characteristic of the biological activity ot cne a no/;' r 


# # 



substances capable c: recognising eacn ccr.er 
specifically, of binding ana cf reacting together forming 
5 duplexes. Thus, it may be an ant igen-anc :. body pair or a 
hapten- ant ibody pair in which the ligand (tne antigen cr 
the hapten; ran be a biological compound -[protein, 
enzyme, norincne, tcxrn, tumour m^ixer, £lC. ; , a ^n^i^^^^. 
compound (medicinal active ingredient for example], or a 

10 cellular or particle antigen (cell, bacterium, virus, 
fungus, etc.), the receptor being able to oe a soluble 
antibody or a membranous receptor. It nay also re a pair 
formed by an enzyme or its specific substrate. 

Furthermore, by xv electromagnetic signal 

15 characteristic of the biol :gooal activity" of an element 
is understood the electromagnetic signal pocked up from 
a biologically active element such as a substance, a cell 
or a micro-organism, etc., or from a material containing 
this element such as a purified preparation, a bhclogical 

20 sample, an organ or a living being, as has been described 
in International Application WO 94/17406 in the name of 
J. BENVENISTE. By " ele ct romagne t i o signal characteristic 
of trie biological activity" -of an element is also 
understood the signals derived from a signal as defined 

25 above by signal digitisation ani/or processing. 
Furthermore, in this expression, the term 

"characteristic" is useo in the sense that the picked up 
electromagnetic signal contains information 

question. The electromagnetic si anal picked up from a 
material containing a plurality of biologically active 


implementation c: tr.e amp- it i cat icr. 
the invention, the reaction betweer 
receptor os obtained by using two 
respectively the liiiand an: the r 


reagents 
:eccer , 


15 


20 


30 


electromagnetic test signal suspected to include one 
elect romagnetic signal characteristic of the biological 
activity of this ligand and/or this receptor. 

In what precedes and what foli:ws, by the tern 
"reagent" is denoted any preparation of which the 
composition is known, which c:ntains the logand cr one 
receptor in an also known quantity and presents itself 
either in a dry form such as a lyophiiisate to be 
reconstituted in a solvent, or in a liquid form such a 


soiuti: 


suspension, 


the 


. icand unci the 


jcept 


being able tc> be fixed on a solid phase (particles co 
beads of latex, glass or polystyrene etc.). 

According to a first advantageous arrangement o: 
this first mode of implementation, the application, t: 
one and/or the other c-f the reagents, of tn- 
electromagnetic test signal is made by exposure of «; 
solution or a suspension containing one and/or the othei 
of these reagents, to this electromagnetic signal. 

Alternatively, the application, to one and/or th*: 
other of the reagents, of the electromagnetic test 


inal is made by di. 


.ut ion 


suspension including one and/' or the other of 
reagents, in a solvent having been previously ex 


;nese 


10 


15 


20 


2S 


electromagnetic test sigr.ai: 

* either prior to their use: 

• oy exposing one ani/cr the other of these reagents or 
■: f the aliquo'ts of one and/or the other of these 
reagents to this eie :tr cmagnecic signal, or 

• icy diluting ere and, or the other of said reagents or 
their aliquots in a volume :f a solvent having been 
previously exposed to said electromagnetic signal, 

* or during implementation of the amplification 
process according to the invent! :n: 


signal an anquc 


• by exposing to this electromagnet i 
c-f each :f these reagents, after placing tnese aii_ 
on a medium i plate f:r example) but prior to their 
being brought into- mortaot, or 

• by mixing an aliquot o-f the first reagent with an 
aliquot o-f the second reagent on a medium or in a tube, 
and by exposing this mixture to the electromagnetic 
signal, or else 

• by mixing an aliquot of the first reagent with an 
aliquot of the second reagent on a medium or in a tube 
and by diluting this mixture in a volume of a solvent 
having been previously exposed to said electromagnetic 
signa 1 . 

According to another advantageous arrangement of 
this first mode of implementation, the application, to- 
one ani/cr the other of the reagents, of one 


30 


:>ma onet i< 


test si: 


: a ^ is 


aisso^u: 


10 


15 


20 


30 


■electromagnetic test signal to chert simply by dissolving 
them cr by putting them in suspension depending cn one 

exposed to said electromagnetic signal. 

T ■ ~ advantage, the e 1 e c o r c ma o n e t i c test s i o n a 1 is a n 
electromagnetic signal ticked up from an analysis sample 
suspected to- contain this iigand and/ or this receptor, 
this samcle being able to stem just as well from a 


biological sample ;tlcod, urine, milk, 


as or cm 


biolo gical 


sam.r 


.water , 


pharmaceutical product , cosmetic product , etc . 
Alternatively, the elect roma gnet i c test 


1< 


he 


an 


electromagnetic signal radiated by 


electromagnetic radiation source, particularly a source 
suspected to emit radiation harmful to living beings such 
as the high voltage transmission line, transformer, 
electric motor, micro-wave oven, particle accelerator, X- 
ray source etc. Likewise, the electromagnetic test signal 
can stem from the acquisition of a mechanical signal like 

According to- a second preferred mode of 
implementation of the amplification process according to 
one invention, the reaction between the iigand and one 
receptor is ootained by bringing into contact an analysis 
sample suspected to contain the iigand and/ or one 
receptor, with a reagent containing either the receptor, 
r y f- ^ 1 " c a ^ d ' a " c c r d i n u to the substance s u s c e c t e d t o c e 
present in the analytical sample with which it is — 
tC' make this reagent react;, and, to this sample 
■ ^ ; - ^eacent, is a celled the elect: c mac n e 1 1 c 


ana/ :r saia recei 


10 


15 


20 


25 


this secona n:ae cr ixc.e^ep.taticn, me application, ^c 
the analysis sample, of the elect rcmagnet i c signal 
enara :ter i s t ie of the biological activity cf the ^iga:oo 
ana/:r the receptor is made by exposure cf this sample t : 
this ele it roma met i c signal :r signals, or cy dilution or 
this sample m a solvent having been previously exposed 
to said e le ttr :magnet ic signal or signals. 

According to another advantageous arrangement of 
this seotnd moue if implementation, the application, to 
tne reagent intended to react with the analysis sample, 
if the electromagnetic signal characteristic of the 
biological activity of the l.gand ana/or tne receptor is 
made by exposure of a solutim or a suspension containing 
this reagent to this elect rimagnetic signal cr signals, 
or by dilution of such a solution or suspension in a 
solvent having been previously exposed to this 
electromagnetic signal cr signals, or again by 
dissolution or putting into suspension of this reagent in 
a solvent having been previously exposed to said 
electromagnetic signal or signals. 

Alternatively, to the analysis sample and to tne 
reagent intended to react with it, is applied tne 
electromagnetic signal characteristic of the etiological 
activity of the ligand and/:r the receptor, by exposure 
of a solution o: r a sospe n s 1 o n contain: n g this s a m.p 1 e an a 
this reacent to this electromagnetic sigria^ cr signals, 


30 


bv diluti- 


sucr 


;iect r oma 3 net 1 


ignal 


rs acc- 


10 


15 


20 
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30 


e s : 


'haracte^^ s ^ o 


■ *n ^ £± h 


gana ana c: 


j r t n e cio-ogica^ 
e le ct r jmagr.etic signa 
activity cf the receptor, 
noted that, if it is encug: 
the ligana-receptor pair, 
characteristic o: the fc-i: logical activity cf a single c 
of these elements tc obtain an arnpi i f i cat ion cr t 
complexes formed by their reaction, this amplification 
hie her when the electromagnetic signals characteristic 
the biolooical activity cf each of them are applied 
these e lements simultaneously . 

Whatever the mode if implementation of t 
ampl i f icat i :n process according to the invention, t 
solvent having been previously exposed to t 
electromagnetic signal cr signals is to advantage vat 
or pnys io logical sc lute . 

Reagents able to be used in the ampiificati 
orocess according tc the invention and containing t 
ligano on the one hand, anc the receptor on the oth 
hand, can just as well te reaoy-to-use commercial 
available reagents as reagents specially designed a 
prepare: for the implementation of tnis process . Apa 
from, the fact that, as mentioned abeve, these 
can come in different forms (dry, liquid, et 


on 


; ea cen t s 


can, r urt nermore , oe coupiea t 
radioactive ist'tope, an enzyme, c 
a coloured particle, coot m 
compound, suitable to allow detec 


u ores cent sue stance, 


i ec: o w 
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moreover, an acquisition stage 
signal characteristic cf the bi< 


cgical act iv: 
of the ligan 


and/:r the other of the elements 
pair. 

As previously indicated, the elect romagnet i c signal 
characteristic cf the biological activity if me arc./:r 
the other of the elements of the 1 1 gand-receoc or pair 
can stem either from an analysis sample suspected :o 
contain this element or elements, or from an 
electromagnetic radiation source or from the acquisition 
of a mechanical (vibrations;, electrostatic or other 


r again from reagents czntaining the ligand 


the receptor in solution cr in suspension m a solver.:, 
according t: the modes of implement at ic n of one 
amplification process according to the invention. 

In a particularly advantageous way, the 
amplification process according to the invention also 
includes a recording and restitution stage of information 
representative of the electromagnetic signal 

characteristic of the tic logical activity :f one and/or 
tne ether of the elements of the ligand-recep to: pair. 
Thus, the electromagnetic signal characteristic of the 
biological activity of an analytical sample, once 
recorded, can be preserved indefinitely and used as often 
as necessary. Similarly, the electromagnetic signals- 
character is t : c cf the tioioaieal activity of the ligaroo 


and of tne bic logical 
from reagents, can be 
used to obtain a piu 
ligand and this recent 


a c 1 1 v : 


h p, ,~i 


oicr:eo uc 


from the reaction between tne licana ana one receptor 
and, possibly, of measurement of these complexes. This 
5 stage ran, to advantage, be completed by comparing tne 
results obtained with those observed for a reaction 

conducted with the same ii gand-re sector pair ana m tne 
same reaction conditions, but without application of an 

10 electro-magnetic signal to the elements of this pair, 
whether previously, simultaneously or subsequently to 
their being brought into contact. 

Tne detection and/or measurement cf tne ligana- 
reeeotor complexes are ahle to ce carried out by all tne 

15 methods conventionally used to reveal and quantify tne 
formation of such complexes. Thus, in the case of 
antigen-antibody complexes, it is possible just as well 
to use a revelation by agglutination, by immu.no- 
precipitation, by fluorescence suppression, by 

20 fluorescence polarisation as a radi o-immunc logica 1 , 
immunoenzymat i o test or else an immunofluorescence test. 

According to a particularly preferred mode of 
implementation of the amplification process according to 
the invention, the ligand is an antigen or a hapten, 

25 wnereas the receptor is an antibody or a membranous 
receptzr targeted specifically against this ligand. 

In a particularly advantageous way, tne reaction 
between this ligand ana this receptor is a reaction 
revealed hy agglutination, given its simplicity and its 

30 speea of execution. 

Another object of the present invention is a process 
fc-r detecting the presence of a substance corresponding 
to one O'f the two elements of a 1 i can d- r e cep t o r pair :n 



the bringing into contact of two reagents 


conditions suit at le to allow tneir reaction, 

- previously, simultaneously or subsequently to this 
10 bringing into contact, the application, to one anchor the 

other -of these reagents, cf the electromagnetic signal 
characteristic of the biological activity of the 
analytical sample, and 

the deteotion and/or the measurement : f the 

15 1 i garni- recept or complexes formed during the re a it ion 
between the cw: reagents. 

Thus, ootaining an amplification of the formation of 
1 i 3and- recept or complexes between the two reagents 
relative to a "reference" reaction (as previously 

20 defined) conveys the presence, in the electromagnetic 
signal of the oiological activity of the analysis sample, 
■of the electromagnetic signal characteristic : f the 
biological activity of the substance sought and, as a 
consequence, conveys the presence, in this sample, of the 

25 substance sought. 

In the event cf such amplification being obtained 
and the analytical sample being able to contain net just 
one of the two elements of the liganc-re sept or pair, cut 
tnese two elements, the presence, in this sample, cf tne 

30 substance s:ugnt can be confirmed by comparing tne 
r e s u 1 1 s o o t a i n e a w 1 1 n : 

- either those observed for a reaction conuueteo in 
the same reaction conditions nut with an appl: cation roth 


. . d i a >. 


■5: C ^ L V 1 - v . : ^ l, i . ^ J j.. i ^ ct i * ^-a , 

5 - or tPiCse ct served for a reaction ccr.ductea in 

same reaction :onaitions cut with an application both o: 
the electromagnetic signal characteristic of tr.* 
biological activity of tne analysis sample and of tv 
eleotr cmagneti c signal ohara oteris t i c of the k i : 1 ogi c ^ 

10 activity -of the receptor. 

Thus, if the simultaneous application of to 
eleotr ima^neti o signal oharaoteristi o of tne c i : 1 :■ gi c =h 
activity of the analytical sample and of cn>: 
electromagnetic signal characteristic of the hiologioa. 

15 activity -of the iigand is conveyed by an amplification 
tne formation of I igand-recept o r complexes compared wi 
the application of the single electromagnetic sign, 
characteristic of the ricLogicai activity of sa. 
analytical sample, then this means that this sample do- 

20 not contain a iigand and theref;re contains only o: 
receptor. It beinq the absence of an increase in t: 
formation of 1 igand-receptor complexes that signals t: 
presence of the ligand in the analytical sample. 

Similarly, it the simultaneous application of t: 

25 electromagnet 1 o signal characteristic of the bi:l:gic, 
activity of the analytical sample and of t: 
electromagnetic signal characteristic or tne c:n :goo. 
activity of the receptor is conveyed by an amplificacr 
of the formation of ligani-re oeptor c:mplexes compare 

30 with the aotol i oa 1 1 on of the sincle electromagnetic slg:o 


of 

i 

a 


C I i d L a y 


analytical sarr.::oe, 
this sample does 


" r p v v p *~ y~ r- *t~ 

rsoecr c r a n oi 



5 to say results which would not make it possible to revea- 
an amplification effect :f tine application or one 
ele ct r oma gret ic S-onai characteristic or the activity of 
the analytical sample and this, even though the latter 
contains in reality the substance sought, tne 

10 concentrations of the iiganc and of the receptor set to 
react are chosen to advantage so as tc be sufficient to 
lead to tne obtaining :f 1 igand-ro ceptor complexes 
detectable in the absence of the application of the 
elect r :ma gnet ic signal characteristic of tne biological 

15 activity of said sample, but lower than the 
concentrations able tc lead to a saturation cf the 
reaction bet wee:: this ligand and this receptor. 

According to a second prefer re c mode of 
imo Lemon t at i o n of this detection process, this includes: 

20 - the bringing into: 1 contact of the analytical sample 

witn a reagent containing either the receptor, if tne 
substance sought in the sample is the logand, or the 
ligand, if the substance sought in tne sample is the 
receptor, in conditions suitable to allow their reaction, 

25 - previously, simultaneously or subsequently t: this 

bringing into contact, the application, to this sample 
and/or this reagent, of the electromagnetic signal 
characteristic of the bioiigicai activity C'f tne Iiganc 
and/or the receptor, ana 

30 - tne detection and/ or the measurement of the 

li gar.d-r ecept or complexes c:.ssibly formed, in which case, 
the obtaining of ligand-receptor complexes conveys tne 


oresence o c toe sucs^si 


: ;v : : 


very particular advantage ir. detecting t 
substances in samples, about which it is 
are not detectable or only with great difficulty 
ether available detection methods, since these sucsta: 


P ^ * 


are generally present m very _dw c encent r at i ens , iraeec 


at era ce level . 

10 The process for detecting the presence of a 

° h s t a n "~ e in an a n 3. 1 v t i i a 1 s a n r 1 e a c c c r c i n c t c t n e 
i nvent i-cn has nume rc us adva ntages . 

Indeed, :n the one hand, it makes it possible to 
detect the presence if a s:ucnt substance with very great 

15 sensitivity and high specificity. Therefore, in the case, 
for example, of a bacteri : logical analysis, it makes it 
possible t: eliminate the need to isolate the different 
oerms, to cultivate their., o maoe an arit ib i og ramme and tc 
identify these germs by their biochemical, morph: logical 

20 and immunological character, and means that results can 
be obtained more rapidly than by the immunological 
detection methods currently used in bacteriology. 

On the ither hand, to the extent that it is enough 
to have a sample of tne sice of a drop tc be m a 

25 position to acquire and record tne electromagnetic signal 
characteristic of the bic logical activity of this sample 
and that, this signal, once recorded can i: e restored on 
request, this process offers tne possibility of making as 
many analyses as desired from a micro-sample. 

30 Lastly, tne recording of an electromagnetic signal 

the form of an information file able to re preserved or a 
simple diskette or a Cl-?.cm, and to ce transmitted from 
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5 methods for the ceteotion of a sue stance. 

This process is able to be used tc detect any 

substance cacable cf bindma scecificallv with another 

substance an 

that the :ei 
10 just as well 

a cell 35 a 

fungus type, 

protein or protein complex, it is poss^uie l-- <- n 

market or to have manufactured the c or resp : nd i r.g 

15 antio-odies. By this token, this process finds, 
part i ouia rly , applicac i on in biological dia gnosc ics , 
whether in human c r veterinary medicine, or for the 
oontr-ol of bacteriological quality on industries such as 
the pharmaceutical industry, the cosmetics industry, food 

20 production and industries. 

A further object -of the present invention is a 
process f:r detecting the presence, in an electromagnetic 
test signal, of an electromagnetic signal characteristic 
of the biological activity of a substance corresponding 

25 to one :f the two elements of a ligand-re cept or pair, 
which process is characterised in that it includes tne 
implementation of an amplification process as defined 
above . 

According to a preferred mode cf implementation of 
30 this detection process, the electromagnetic test signal 
is the elect rc ma jnetic signal radiated oy an 
elect romaanetic radiation source . 


d of reacting with it, it oeing understood 
rm "substance" as it is usee here, denotes 
a biological compound, a chemical compound, 
mi or o- : rganism of tne bacterium, virus or 
knowing particularly that for any hapten, 


:se: 


nara::er:se 


analytical sample, whic 

it implements a process ac _. 

that it comprises: 

- a) reception means of the analytical sample and of 
a reagent containing either one receptor, or tne ligano, 
allowing them to ice brought into contact in conditions 
suitable to allow their reaction; 

- b) an electromagnetic signal source characteristic 
of the activity of the iicand and/ or of the receptor; 

- c) application means of the signal delivered by 
said electromagnetic sional source to the sample ano/:r 
the reagent; arid 

d i detection and/or measurement means of tne 
1 igand-reeeptc-r complexes formed during the reaction 
between tne sample and the reagent. 

A further object of the invention is a device for 
detecting the presence of a substance corresponding to 
one of the two elements of a ligand-re ceptor pair in an 
analytical sample, which device is characterised in that 
it implements a pro-cess according to the invention and in 
that it c:mprises: 

a) reception means of two reagents containing 
respectively the ligand and the receptor, allowing tnem 
to be brought into contact in conditions suitable to 
allow tneir reaction; 

o-f the analytical sample; 

said electromagnetic signal acquisition means to one 
and/or the ether of the reaaents; and 


a} detection anc' 
1 la and- re ceo to r c enrol exes 


me a s u r erne r t 
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15 


20 
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30 


_ emerge to 
_ch relates 
recordira a: 


Accirding ti an advantageous emeooimenc or 
me a n s . 

In a creferred way, these devices compri: 
enclosure fitted with an electrical and ma: 
shielding surrounding said reception means. 

Apart from the preceding arrangements, the inv- 
includes still St her arrangements which wi 
the following supplementary description, w: 
embodiment examples of signal acquisition, 
application devices able to be used according to the 
invention and to examples of experiments having allowed 
the amplification process object of the present invention 
to be validated, and which refers to the appended 
drawings in which: 

- Figure 1 shows a diagram o>f a first embodiment 
example of a sional acquisition device able to be used 
according to the present invention; 

- Figure 2 shows a diagram of a second embodiment 

:e able oo ce used 


first embo dimerv 


ised 


example of a signal acquisition de 
according to the present invention; 

- Figure : shows a diagram of a 
example of 3 signal recording device able to 1> 
acoording to the present invention; 

- Figure 4 shows a diagram of a second emcc 
example of a signal recording device able to be 
according oo the present 

- Figure 5 shows a : 


of a si anal 
oo the c r e s e : 


ion! ; 


c e 
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pixeis x ^ pixels c: one agglutinates : 

antigen :. f Escherichia ccii Kl and an a: 
against tnis antigen, after applic 
electromagnet i c signal characteristic of 
activity of St reptcc occus; 

Figure 7 shows a biae< ana wnit 
pixels x 240 pixels of the agglutinates : 
agglutination reaction between the 
antigen :f Escherichia coli Kl and an antii 
against this antigen, after application of one 
electromagnetic signal characteristic of one oio2ogical 
activity of Eschencnia coli; 

Figure 8 sn:ws a hlac< and white image or oil 
oixeis x 24 C pixels of the agglutinates formed during an 
aq glut inat i : n react i in between the polys acoha men: 


uvsaccnariai 


ar c e t e ; 


a n t . 


:n 


Escherichia coli Kl am: 


ant ibody t a rget ed 


against this antigen, after simultaneous application of 
the electromagnetic signals characteristic of the 
biological activity cf Streptococcus and of the 
biological activity of an antibody targeted against 
Escheri chia coli ; 

- Figure 9 shows a black and white image of 12 3 
pixels x 2 4 C pixels of the agglutinates formed during an 
agglut ina t io n reaction between the polysa cchar iaic 
antiden of Escherichia coli Kl and an antibody targeted 
against this antigen, after simultaneous application if 
the electromagnetic signals characteristic of the 
hi: Logical activity of Eschenccca ccii ana or tne 
biilogicai activity of its specific antibody; and 

- Figure 10 shoovs a diagram of an embodiment example 
of a detection and/or measurement device of the ligani- 



10 examples are given only as illustrations of the object of 
the invention and in no way constitute a restriction of 


it . 

Pe.ferer.ee is made first of all to Figures 1 to 5. 

In Figure 1, a first embodiment example has been 

15 shown diagrammatical iy of an acquisition device of one 
electromagnetic signal characteristic of the biological 
activity of a substance 1 plated in a container 3, for 
example a test tube. A sensor 5, typically a coil of the 
"telephone sensor" type marketed for the purpose of being 

20 applied tc a telephone receiver and connected to a tape 
recorder, is applied against the container 3. The 
c o n o a i n e r o can a ^ s o c e o c n s o o t ^ o e u by a jo ^ ^ ^ g ; _ ^ ^ a ^ ~ , 
particularly the skin cf a living being. In such a case, 
the acquisition of the electromagnetic signal is made :n 

25 a non- invas i ve way. 

The signal pioked up by tne coil 5 is, to advantage, 
amplified by an amplifier 7 and is available at an output 
terminal = 1 . Without this presenting any kind of 

30 of the toil 5 is connected to tne input of the ampiifier- 
preamcdi f ler 7, tne opposite end being connected tc a 




cont a iner 3, in which the device includes, preferably, 


an enclosure 13 fitted with an electrical and magnetic 

10 shielding, an irradiation transducer if of said substance 
1 powered by a generator 1". The transducer 15 comprises, 
for example, a coil, to advantage simpler ea by wave 
auides, for example an air gar i rio: shown: placed in 
c intact with the external walls of the container 3. 

15 The generator 17 generates a low frequency 

sinusoiiiai signal, low frequency sqoare waves, pmK noise 
■or, to advantage, white noise. The excitation signal 
spectrum feeding the coil 15 corresponds approximately to 
the spectrum, of audible frequencies \.2~. Hz 2C CCC Hz;. 

20 The generator 17 can be an analogue signal generator of 
known type or, for example, a reao-only memory (ROM, 
?FOM, EPRCM, EEPRCM in the terciniligv of the Enolisn- 
spea<inq world) containing the digital signal of one 
desired noise and which is connected to a digitai-to- 

25 analogue converter, ir the line output of a sound card of 
a multimedia mi or ::-cortputer . However, the implementation 
of higher frequencies is not outside the framework of the 
present invention . 

The acquisition sensor 5 can comprise a roil similar 

30 to the coil 5 of tne device in Eigure 1 or, to advantage, 
a small diameter cool connected by an elect romacnet ic 
wave guide to the wail of the container 3. To advantage, 


S 1 G r. 8 - C ! 1 C ee c 


Tne siqna. .iVai.ac. 
directly applied to the 
ir related, particularly 
■or to the iigano-recept : : 


s u c s t a n c e or s u o; s ^ a u c e s ^ c c c 
t: the ligand, to the receptor 
ca:r particular Iv by rrear.s of 


Recording the signal can oe carried cut 1:1 analog j 
ioy a signal recirder 19 ('Figure 3), particularly o 
magnetic tape 21 adapted tc the frequencies of one signs 
picked up. For acoustic frequencies, a tape recorder ma 
particularly be used. The output terminal 9 of one signa 
acquisition device in Figures 1 cr 2 is connected to tn 
microphone input or to the line output of such a tap; 
recorder. During playback, the signal is picked up at 
output terminal 9', particularly at the line output or 
the tape recorder loudspeaker output 19. 

To advantage, a digital recording is made af 


y 


an 


er 


ana logue-t o-digi t< 


conversion cf the signal. A micro- 


computer 21 shown in Figure 4, fitted with a sign 
acquisition card 25, is used for example. This can be f 

WINDOWS® 95 operating system of the MICROSOFT Company a 
comprising, apart from the acquisition card 25, a micr 
processor 27, an input/output interface 29, a controll 
] 1 of a file store 33 and a video interface 55 connect 


al 


ad 


me 


mc> r e 


ises 


The 


acauisi* 


comprises an analogue converter 19 having, prererac.y, 


-solution above 10 bits, f; 


example ecu 


i^ 


as wei. as a sampling ire::uenoy 
frequency that it is wished to re 
the processing of signals. 


hGA- 


o o re acle to digitise : 
n the aooustic rreuuencie 



5 with the restitution acquisition card lo, particularly if 
a SoundBlaster 32 card cat to advantage replace tne 
signal generator 1" m Figure 2. 

The output 9 of the signal acquisition devices in 
Figures 1 is connected tc the input 9 of the anaiogue-ti- 

10 digital converter 39 if tne caro lo of the computer 2:-; 
the signal is then acquired f:r a period f:r example of 
between i ano cC s and tne digital file is recorded in a 
file store 33 for example m the form of a WAY rormot 
sound file. This file may possibly he subject to digital 

15 processing, like for example a digital amplification for 
calibration of the signal level, a filtering for tne 
elimination of undesired frequencies, or be converted 
into its spectrum r; y a discrete FOURIER transform., 
preferably by the fast F1UFIER transform algorithm ( FTT 

20 in tne terminology of the English speaking world;. 

The sound reproduction time can be increased by 
repeating in a file several times a fragment or tne 
totality of the original siund file. 

On command, the possibly processed file is converted 

25 by a dig i t al - 1 o - ana 1 : cue converter 4 1 of the card 15 (or 
of a separate card), which delivers at the output 9' the 
electromagnetic analogue signal characteristic of tne 
biological activity to be applied, according to tne 
amplification process according to the invention, nr 

30 example to an aliquot 43 of a first reagent and to an 
aliquot 4 o or a secc n :: reagent, as so own in rig u re o. 

TO 1 advantage, tno application cr one siciv.:^ t~ tn-rs^ 


transducer or, typicai^y a co:. 
Figures 1 or 2 or to the cutout 


U ^ CX r C >_ J_ U -i_ * . ^ ^ ^ C 


of Figures 3 cr 4 . The ceil end opposite one connection 
terminal 9,9' is, for example, connected to one ::ass 11. 

Without this havire any kind of restrictive 
:hara:ter, the transducer 51 comprises to advantage a 
roil, of horizontal axis, allowing the introduction of a 
plate 47. The ceil has, for example, a length of 120 mm, 
an internal diameter of 2^ mm, an external diameter of 2 3 
mm, has 631 revolutions if a wire of a diameter of 0-5 mm 
and a resistance of 4-7 Q. 

To advantage, the electrical signal applied to this 
coil 51 will have an amplitude of 2 effective volts. 

EXAMPLE 1 : AMPLIFICATION OF THE FORMATION OF 
AGGLUTINATES BETWEEN THE POLYSACCHARIDE ANTIGEN OF 
ESCHERICHIA COLI Kl AND AN ANTIBODY TARGETED AGAINST THIS 
ANTIGEN 

The amplification prccess according to the invention 
has been validated by testing the effects, on an 
agglutination reaction between the p: lysacch^r idle 
antigen of Escherichia cell Kl ano an ancinody targeted 
against this antigen: 

- of the application of the eiec t roma zjne 1 1 o signal 
Characteristic of the bi:l:gical activity of an antigenic 
substance alien to this reaction such as Strep: 

- of the application :f one electromagnetic : 
(characteristic of trie biological activity of Escre: 


signal characteristic of the biological activity of ar. 
antibody cargecea against Escherichia soli, ana ^ast^y 

of the simultaneous application of the 
elect r magnet ic signal characteristic 01 one bic^cgiea^. 
activity cf Escherichia cell and or tne electromagnetic 
signal characteristic cf the bicicgical activity of an 
antibouy targeted against this antigen. 

li Conducting tests: 
a) Acquisition of electromagnetic signals: 

The acquisition cf the electromagnetic signal 
characteristic of the biological activities of 
Streptococcus , Escherichia ccii and of its specific 
antibody was made ky means of the recording material in 
Fi gure 1 . 

The acquisitizn of the electromagnetic signal 
characteristic of the biological activity of 
St rep to coccus was effected by placing at the centre cf 
the enclosure 13 a tube containing 1 ml of an aqueous 
suspens ic n of previously f ormoiated Streptccc sous 
bacteria (6. 10 c bacteria /ml ) . 

The acquisition of the electromagnetic signals 
characteristic of the biological activity of Escherichia 
coli and cf its specific antibody was made by operating 
in tne same way, but by using respectively: 

- a tube containing 1 ml of an aqueous suspension of 
previously formolacea S treat cccccus caecena ; c . 1 1 
bacteria /'ml ) . 



rea::::n: 

5 Tne rests wore conducted by using as reagents: 

on the :ne nana, a solution of polysaccharide 
antigen of Es :henchia ooli Kl precarec cy dissolution of 
an antigen extract coning from a PASTOF.EXI MENINGITIS 
(Reference 51" J? - SANCFI DIAGNOSTICS F ASTEUR ; in 1 ml if 
10 distilled and sterile water, then dilution to 1/7, 1/7-5, 
or 1/5 in a physiological serun; and 

on the other nana, the latex sensitised by a 
specif io mono cl: rial mouse antibody of the antibody of 
Escherichia coir Kl present in this same kit, after 
15 dilution to 1/3 in a physiological serum. 

0) Applicati:n of the electromagnetic signals to tne 
a gglut inat ion react ion 

For each of the tests, the following protocol was 

used : 

20 - into an oven heated to 17 °C is placed a transducer 

constituted by a coil measuring 120 mm in length and io 
mm in internal diameter, having 631 revolutions and a 
resistance of 4- n Q, and connected to the output 9' of 
the digitai-to -analogue converter 41 of a Soundbl aster 

25 card cf a computer 23 restoring the recording files 
constituted 0 y the electromagnetic signal that it is 
desired to apply, the time needed to bring this 
transducer to tne temperature of 37 Z Z; 

- on a plate fitted with a capillary in tne form of 

30 a coil (of trie type provided in PASTOREX MENINGITIS 



— ~ — * f - - 


15 


20 


25 


- t: tne two ar:ps cr reagents so ; 
the electromagnetic signal cr signals aesirea by placorc 
the plate at tne centre or tne t ran soccer tor arc at <_ m: 
and by restoring a sound file by means of the computer 2. 
in f i acre 4 , 

- the two drips of reagents are mixed for about 1 ; 
seconds and for ab:ut 13 minutes in the oven the reactio- 
mixture is left ti migrate in the capillary and to 
agglutination reaction is left to happen; 

- the plate is then ta<en cut : f the oven and thi, 
agglutination is then read. 

As can ice seen in Figure 10, this reacting is take: 
by analysis, using analysis and image processing softwam 
run on a computer : f the P Z type 23' operating on to- 
WINDOWS® 95 ( MICROSOFT i operating system, of an imag- 
acquired using a video camera 53 positioned on an optica 
microscope 55 and c:nnected to said computer by a vid 
acquisition card H. The camera 53 works in levels 
grey. A first processing increasing the contrast, t 
threshold being adjusted so- that the agglutinates sppe 
as black, whereas ohe zones devoid of particles of lat 
or of agglutinates appear as v;hite. 


or 


From the analysis : f the tridimensional spatia 
distribution of the dark zones of the image, the compute 
determines an agglutination index (1) calculate 
according to the formula: 


r 



biological activity of Escherichia ccii and/cr of the 
ciologioal activity of its specifoc antibody leads to an 
ag glut i tat i : r. index being obtained at least greater cy 

10 4 0 o than the maximum agglutination index obtained, in the 
same conditions, ana out of for example 3 experiments, 
after application of the electromagnetic sognal 
characteristic of the biological activity o: 
Street ococcvs . 

15 2) Results: 

Table 1 belcv; shows the agglutination indexes 
obtained in a first series of tests aiming to compare the 
effects of the application of the electromagnetic signal 
characteristic of the biological activity of Escherichia 

20 coil to those observeo after application, in the same 
reaction conditions, of the electromagnetic signal 
characteristic of the biological activity of 
Streptococcus, and this, fcr 3 different dilutions (1/7, 
1/7*5, or 1/8) of the solution of polysac ohar idic antigen 

25 of Escherichia eeli Kl used as a reagent in the 
agglut ina t io n react ions . 

TABLE 1 


volution of the 
E. coli Kl 
antigen s o 1 u t i o r i 

Agglutination inaex ^1! 







c ^ 


c 


1 / ■ J 

c r 



i '~ 


; / ? 

6 

3 7 


8 

^ i 

Furtr.erm:re, 

Figures 6 and 7 

s n 0 \\ , C \ .v a j w - 

examples, images 

cf the agglutinates 

termed en the one 


hand, after application of the electromagnetic signal 
5 characteristic cf the biological activity of 
Streptococcus (Figure 6; an:, on the other nana, after 
application cf the electromagnetic signal characteristic 
of the bi clerical activity cf Eschencnia col:. (Figure 
7). These images c;rrescon j respectively to tr.e 

10 agglutination indexes :f 32 and 117 which are reported on 
the 5 tr ' line of results ■: n Table 1. 

Table 2 below shews, in its turn, the agglutination 
indexes (I' obtained in a second series of experiments in 
the context of which the effects cf the simultaneous 

15 application of the electromagnetic signal characteristic 
of the biological activity of Escherichia eeli and cf the 
electromagnetic signal characteristic : f the biological 
activity of the antibody targeted against Escherichia 
col i f were compared with those of the simultaneous 

20 application, in the same reaction conditions, of the 
electromagnetic signal characteristic of tne biological 
activity or -Streptococcus and of the electromagnetic 
signal characteristic of the biological activity cf tne 
antibody targeted against Escherichia cell, and this, ror 

25 2 different dilutions [±/^, and 1/^*5) of the solution of 



Dilution :f the 
E. coli p:i 
antigen s : iut ic n 

A 3 3 ^ ^ ^ ^ ^ ^ ^ inoex ^ 


Streptccccc-s Signal 

Ant i-E . cc ii antibody 
Signal 

a n t i b O' d y Signal 

1/7 

1 8 

7 1 

94 

1/^-5 

4 3 
9 3 

i ^ ^ ^ 


20 


Figures 8 and 9 show, also by way of example, images 
of the agglutinates which correspond respectively tc tne 
agglutination indexes of 7 1 and 247 reported on tne 2"^ 
line of results in Table 2. 

All these results clearly prove the aptitude shown 
by the electromagnetic signal characteristic of tne 
biological activity of one element of a ligan d-receptor 
pair, to amplify the formation of complexes formed by the 
reaction between this ligand and this receptor and this, 
very specifically, since the elect rorragnetic signal 
characteristic of tne bicl:gicai activity of an element 
which is biologically active but alien to this reaotion 
dc>es not produce an amplification effect. 

They also show that this amplification is especially 
pronoun red when, to the two elements of the ligand- 


charac 


pair, is applied both 


e .ec t r omacne 1 1 ■ 


;e biclcaicai act: 



EXAMPLE 2 : DETECTION OF THE PRESENCE OF ESCHERICHIA COLI 
IN A SAMPLE 

5 The advantage of using the amp'i i o :ca t 1 cr. process 

according t: the invention to detect a substance present 
in an analytical sample was verifies: cy conducting a 
series of tests with the aim of comparing the effects of 
the application, on an agglutination reaction between one 

10 polysaoohandic antigen of Escherichia ccii Kl ana a 
specific m:noclonal mouse antibody of tnis antigen 
identical to that implemented in example 1 above, of one 
electromagnetic signal picked up from a sample of a food 
product, in the case in point stewed apples, previously 

15 contaminated by Escherichia coli bacteria, with those 
obtained during the application, in the same reaction 
conditions, of the electromagnetic si:nai picked up from 
a reference, or in other words uncont amina t ed sample of 
the same food product. 

20 1) Conducting tests: 

The acquisition :f the electromagnetic signal of one 
samples of stewed apples (reference samples and 
contaminated samples) was made using the recording 
material in Figure 2, by placing at tne centre of the 

25 enclosure 13: 

- in the case of the reference samples, a tube 
containing 1 ml : f stewed fruit previously diluted to 1 ' 1 
with physiological serum, and 

- in the case of the contaminated samples, a tube 
30 containing 1 ml : f stewed fruit previously dilutee to 1/2 


The tests were conducted icy using as reagents: 

Escherichia cell bacteria previously forms lated 
physiological serum, at a rate if 10 ca::er:a/rri, arc 
5 on the other hand, the latex sensitised by 

specific mouse monoclonal antibody of the antibody 
Escherichia cell Kl antibody present in this same >; 
after dilution to 1/2 in physiological serum., 
and by following an operating protocol identical to t: 
10 described in paragraph c) of example 1 above. 
2 ) Results : 

Table 3 below shows the agglutination indexes 
obtained in three series of tests. 


20 TABLE 3 


Tests 

Agglutination index (I) 



Reference samples 

Contaminated samples 





10 

42 


Series 1 


9 3 




104 



14 



Series 2 

1 ~ 

J. / 

3 ~ 



4 6 





4 0 



1 1 

t 4 


Series 3 

34 

1 ^ -i 




according tc the invention can to advantage be used 
10 detect the presence, in an analytical sample, of a 
biologically active substance such as a bacterium, even 
when this sample has a complex composition, i.e. when it 
contains, as in the case :f the samples of stewed apples, 
numerous other biologically active substances. 
15 As emerges from, what has been said previously, the 

Invention is in no way limited to the embodiments which 
have just been described in a more explicit way; it 
encompasses on the contrary all of its variants which can 
come to the mind of the technician in the field, without 
20 departing from the context, or the scope of the present 
Invention . 


